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1. Introduction

Based on the discussion on DMRS enhancement in the last RAN1 meeting, the following potential DMRS enhancements, observations and conclusion are captured in the TR [1].
Potential DMRS enhancement: 
-
Alternative 1: 12 DM-RS REs with OCC = 4 for up to total 4 layers per scrambling sequence, This alternative allows up to total 4 layers per scrambling sequence
-
Alternative 2: 24 DM-RS REs with OCC = 2 for up to total 4 layers per scrambling sequence, This alternative allows up to total 4 layers per scrambling sequence
-
Alternative 3: 24 DM-RS REs with OCC = 4 for up to total 8 layers per scrambling sequence, This alternative allows up to total 8 layers per scrambling sequence
-
Alternative 4: DM-RS estimation accuracy improvement by advanced receiver assuming interference channel estimation
-
Alternative 5: Larger PRG size
Observations from evaluation results:
From the results in Table 7.2.2.2-1, 7.2.2.2-2, and 7.2.2.2-3, it is observed that DMRS enhancements provide  [-6.03% , 57.68%] and [-4.74%, 102%] cell-average and cell edge performance gain respectively across all of the scenarios:

-
For full buffer, the range of performance gain is [-6.03%, 57.68%] and [-4.74%~21.04%] for cell-average and cell edge respectively.

-
For FTP, the range of performance gain is [-3.17%, 17%] and [-4.1%~102%] for cell-average and cell edge respectively.

-
Note that some of results are based on ideal CSI knowledge at eNB.
-
Note: Refer to the excel sheet attached in [16] for the summary of simulation results.
Conclusion: 
From the performance perspective, DMRS enhancements are beneficial for EB/FD-MIMO.
As noted in the above observation, some of results are based on ideal CSI knowledge at eNB so that some companies’ performance gains are overestimated. Also, the gain is calculated based on the performance of Max. 4-layer MU with Rel-12 DMRS, even though it could be worse than the performance of Max. 2-layer MU with Rel-12 DMRS due to interference between quasi-orthogonal DMRS ports. Therefore, in this contribution, we further evaluate the performance of enhanced DMRS, with 2Rx and 4Rx antenna configuration, (4,2,2,16) Tx antenna configuration, non-precoded CSI-RS and enhanced codebook corresponding to option 3 in [2]. Detail simulation assumptions can be found in Annex A.
2. Discussions
In case of using current Rel-11 DMRS (quasi-orthogonal DMRS) we reflect, in our simulation, channel estimation error due to quasi-orthogonality when the number of transmit layers is more than 2 as follow. First, we make multiple groups, each of which is composed of two layers transmitted through port 7 and 8, respectively, with the same scrambling sequence but different scrambling sequences are allocated to the different groups. As a result, two layers composing the same group are orthogonal to each other, but two layers belonging different groups are quasi-orthogonal to each other. For example, when the number of total transmit layers is 4, layers are grouped as follows: Group 1={1st layer, 2nd layer}, Group 2={3rd layer, 4th layer}, where 1st layer is orthogonal to 2nd layer but quasi-orthogonal to 3rd layer and 4th layer. When the number of total transmit layers is odd, for example 3, exception occurs for the 3rd layer by grouping such as Group 1={1st layer, 2nd layer}, and Group 2={3rd layer}. In this case, 3rd layer is quasi-orthogonal to all layers. Also, E-MMSE-IRC is used for suppressing MU interference in this evaluation and interference covariance matrix is estimated from co-scheduled UE’s DMRS with estimation error.
In case of fully orthogonal DMRS, we assume all layers are fully orthogonal to one another regardless of the total number of transmit layers, without DMRS overhead increment (12RE/PRB pair).            
From Table 1 and 2 (FTP model), we have the following observations:
Observation 1: In 2Rx case, when maximum number of MU-MIMO layers increases from 2 to 4, average UPT and 5% UPT decrease by around -10%, regardless of DMRS enhancement.

Observation 2: In 4Rx case, when maximum number of MU-MIMO layers increases from 2 to 4 with fully orthogonal DMRS, average UPT and 5% UPT increase slightly.
Observation 3: In 4Rx case, when maximum number of MU-MIMO layers increases from 2 to 4 with Rel-12 DMRS, average UPT and 5% UPT decrease by around -10%.
One reason for Observation 1 may be related to scheduler’s misjudgment. For better understanding, we note that even though scheduling metric of 3 or 4 layers MU transmission is the highest, the actual performance could not be the best due to the PMI quantization error and the inaccuracy of CQI compensation at eNB, especially when UE reporting rank > 1. This undesirable scheduling decision is more likely to happen in non-full buffer case since scheduling is done with fewer candidate UEs.

Of course, this scheduler’s misjudgment still happens in case of 4 Rx antenna configuration. Nevertheless, we have Observation 2 probably because enhanced IRC gain from 4 Rx antennas. In other words, 4Rx UE has better capability to mitigate the MU interference since it uses IRC receiver with 4 dimension spatial degree of freedom.
One reason for Observation 3 is the degradation of channel estimation performance due to interference among quasi-orthogonal DMRS. However, there is a room to increase performance assuming quasi-orthogonal DMRS in other ways than adding orthogonal DMRS ports. First, we believe interference among quasi-orthogonal DMRS can be reduced, with scheduler optimization. To be specific, the scheduler allocates quasi-orthogonal DMRS pair to two UEs, whose beams are more likely to be well separated, and allocates orthogonal DMRS pair to two UEs, whose beams are less likely to be separated. As a result, thanks to beam separation, interference among quasi-orthogonal DMRS could be naturally mitigated. Also, we can consider advanced receiver capable of estimating both desired and interferer channel, jointly [3].
Our observations do not support the conclusion on DMRS enhancement captured in FD-MIMO TR [1], “DMRS enhancements are beneficial for EB/FD-MIMO”. However, if majority companies see the clear need of DMRS standard enhancement, Alternative 1 described in section 1 seems appropriate. Besides extending DMRS information field in current DCI format to add port 11 and 13 for rank 1 and rank 2, there could be other ways to apply Alternative 1 with less spec impact. For example, if one UE interprets DMRS port 7 as port 11 and port 8 as port 13 in current DMRS information field, and another UE interprets the DMRS information field in conventional way but OCC length 4, it is possible to use 4 ports orthogonal DMRS with port 7, 8, 11, and 13. With higher-layer signal, eNB may indicate which UE interpret the DMRS information field in the new way.
Table 1. Evaluation results in FTP model 1 (2Rx)
	
	Mean UE Throughput (bps/Hz)
	Mean UE Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	Max Layer =2
	3.295
	
	0.983
	
	3.175
	0.25
	2

	Max Layer =4
	3.053
	-7.32%
	0.778
	-20.82%
	2.837
	0.28
	

	Max Layer =4, (Orth. DMRS)
	3.075
	-6.67%
	0.795
	-19.09%
	2.878
	0.27
	

	Max Layer =2
	2.350
	
	0.442
	
	1.905
	0.49
	3

	Max Layer =4
	2.038
	-13.28%
	0.364
	-17.58%
	1.581
	0.54
	

	Max Layer =4, (Orth. DMRS)
	2.080
	-11.50%
	0.378
	-14.46%
	1.639
	0.53
	

	Max Layer =2
	1.660
	
	0.153
	
	1.084
	0.76
	4

	Max Layer =4
	1.404
	-15.43%
	0.145
	-4.79%
	0.893
	0.78
	

	Max Layer =4, (Orth. DMRS)
	1.438
	-13.36%
	0.154
	1.25%
	0.935
	0.77
	


Table 2. Evaluation results in FTP model 1 (4Rx)
	
	Mean UE Throughput (bps/Hz)
	Mean UE Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	Max Layer =2
	4.093
	
	1.688
	
	4.598
	0.18
	2

	Max Layer =4
	3.970
	-2.99%
	1.370
	-18.84%
	4.444
	0.19
	

	Max Layer =4, (Orth. DMRS)
	4.139
	1.14%
	1.725
	2.18%
	4.598
	0.18
	

	Max Layer =2
	2.886
	
	0.639
	
	2.649
	0.47
	3

	Max Layer =4
	2.635
	-8.70%
	0.519
	-18.81%
	2.395
	0.51
	

	Max Layer =4, (Orth. DMRS)
	2.912
	0.99%
	0.641
	0.31%
	2.797
	0.48
	

	Max Layer =2
	2.285
	
	0.303
	
	1.878
	0.68
	4

	Max Layer =4
	2.032
	-11.07%
	0.269
	-11.23%
	1.653
	0.71
	

	Max Layer =4, (Orth. DMRS)
	2.300
	0.68%
	0.333
	9.81%
	2.000
	0.68
	


In contrast to non-full buffer simulation results, we observe performance improvement by increasing maximum MU-MIMO layers from 2 to 4 in full buffer case, from Table 3 and 4. One reason for those observations may be related to the number of active candidate UEs the scheduler can select. Unlike non-full buffer case, scheduler’s miss judgment is less likely to happen in full buffer case since scheduling is done with a large number of candidate UEs.

Table 3. Evaluation results in full buffer (2Rx)
	
	Sector Throughput (bps/Hz)
	Sector Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	50% UE Throughput (bps/Hz)
	5% UE Throughput Gain

	Max Layer =2
	2.932
	
	0.067
	
	0.222
	

	Max Layer =4
	2.991
	2.02%
	0.073
	9.16%
	0.238
	6.93%

	Max Layer =4, (Orth. DMRS)
	3.060
	4.34%
	0.072
	7.66%
	0.244
	9.58%


Table 4. Evaluation results in full buffer (4Rx)
	
	Sector Throughput (bps/Hz)
	Sector Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	50% UE Throughput (bps/Hz)
	5% UE Throughput Gain

	Max Layer =2
	3.594
	
	0.092
	
	0.318
	

	Max Layer =4
	3.949
	9.87%
	0.099
	8.41%
	0.359
	2.48%

	Max Layer =4, (Orth. DMRS)
	4.311
	19.94%
	0.100
	9.50%
	0.354
	11.26%


3. Conclusion
In this contribution, we present evaluation results on the performance of fully orthogonal DMRS, Rel-12 DMRS and have the following observations:
From FTP 1 simulation:
Observation 1: In 2Rx case, when maximum number of MU-MIMO layers increases from 2 to 4, average UPT and 5% UPT decrease by around -10%, regardless of DMRS enhancement.

Observation 2: In 4Rx case, when maximum number of MU-MIMO layers increases from 2 to 4 with fully orthogonal DMRS, average UPT and 5% UPT increase slightly.
Observation 3: In 4Rx case, when maximum number of MU-MIMO layers increases from 2 to 4 with Rel-12 DMRS, average UPT and 5% UPT decrease by around -10%.
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Annex A: Simulation assumptions
	Deployment scenario
	3D-UMi with ISD = 200m in 2GHz

	BS antenna configurations 
	(M,N,P,Q) = (4,2,2,16), 0.5λ H/0.8 λ V 

	MS antenna configurations 
	2 Rx X-pol (0/+90) , 4 Rx X-pol (0/+90)

	System bandwidth 
	10MHz (50RBs) 

	UE attachment 
	Based on RSRP (formula) from CRS port 0 

	Duplex
	FDD

	Network synchronization
	Synchronized

	Number of UEs per macro cell
	10 for Full buffer model

	UE speed
	3km/h

	Polarized antenna modeling 
	Model-2 from [4] 

	UE array orientation 
	ΩUT,α  uniformly distributed on [0,360] degree, ΩUT,β = 90 degree, ΩUT,γ = 0 degree 

	UE antenna pattern 
	Isotropic antenna gain pattern A’(θ’,ф’) = 1 

	Traffic model 
	Full buffer model/ FTP model 1

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)  

	Receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel-12 [71-12] assumptions 

	
	LMMSE-IRC receiver, detailed guidelines according to Rel-12 [71-12] assumptions 

	CSI-RS, CRS 
	CSI-RS one-to-one mapping to TXRU, only CRS port 0 is modeled for UE attachment, CRS port 0 is mapped to the first TXRU.

	Hybrid ARQ 
	Maximum 4 transmissions 

	Feedback 
	PUSCH 3-2 

	
	CQI, PMI and RI reporting triggered per 5ms 

	
	Feedback delay is 5 ms 

	
	Option 3 in [2] with 3-bit vertical DFT codebook

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB 

	Transmission scheme
	TM10, single CSI process, dynamic SU/MU-MIMO with rank adaptation (no CoMP) 

	Wrapping method
	Geographical distance based

	Handover margin
	3 dB 

	Metrics
	Mean, 5%, 50% UE throughput

	Carrier Frequency 
	2GHz 
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